The detention storage in a drainage basin under the equilibrium condition is an important parameter in rainfall-runoff modelling. As this parameter is an efficient measure of the basin response to rainfall, it is commonly used as a basis of approximation of a complex basin by a simpler one. For flows on an overland plane, the equilibrium storage has also been used as a basis of determining the resistance coefficient of the overland surface. A formula is derived, based on the kinematic wave theory, for the equilibrium detention storage for a series of planes. For practical applications, the formula is further developed in terms of the Manning resistance coefficient. The derived formulae are all consistent with the published formulae for a single plane.
INTRODUCTION
The ability for a drainage basin to detain water during a rainfall-runoff event has a significant effect on the transformation of rainfall to runoff. The amount of water that is detained under the equilibrium condition is known as the equilibrium detention storage. This parameter is an efficient measure of basin response to rainfall (Goodrich, 1990) , as it integrates the effects of topography, surface roughness, and hydraulic conductivity of the land surface. In the rainfall-runoff modelling, the equilibrium storage has been used as a basis of approximation of a complex basin by a simpler one (Lane & Woolhiser, 1977; Wu et al, 1978 Wu et al, , 1982 Goodrich, 1990) . For flows on an overland plane, the equilibrium storage has also been used as a basis of determining the resistance coefficient of the overland surface (Overton & Meadows, 1976; Engman, 1986) .
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A formula is derived herein, based on the kinematic wave theory, for the equilibrium detention storage for a series of planes. For practical applications, the formula is further developed in terms of the Manning resistance coefficient. In fact, the kinematic wave theory has also been used to derive the time of concentration and the peak discharge formulae for a series of planes (Wong, 1996 (Wong, , 1998 Wong & Li, 1998 .
DERIVATION OF FORMULAE
Consider a plane with a constant upstream inflow, q u , and subject to a uniform rainfall intensity, i. The unit discharge, q, at equilibrium is:
where C is the runoff coefficient, and x is the distance along the plane in the direction of flow. Based on the kinematic wave theory, the discharge-flow depth relationship is:
where a and p are parameters, and y is the flow depth. Substituting equation (1) into equation (2), and re-arranging gives:
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By integrating equation (3) from 0 to L for x, an expression for the equilibrium detention storage results:
where DS eq is the equilibrium detention storage, and L is the length of the plane. Equation (4) is only valid if a and p are constants for the given plane. If there is no upstream inflow (q u = 0), equation (4) reduces to (Wu et al, 1978 (Wu et al, , 1982 :
Planes in series
Consider a series of planes that are continuous and subject to a uniform rainfall intensity i. At equilibrium, the downstream outflow of one plane becomes the constant inflow to the adjacent plane downstream. Applying equation (4) to the series of planes, the equilibrium detention storage is:
where N is the number of planes, y is they'th plane under consideration in the direction of flow for calculating the equilibrium storage. The upstream inflow, q u j, for the jth plane is related to the rainfall intensity as follows:
where r is the rth plane under consideration in the direction of flow for calculating the upstream inflow. Substituting equation (7) into equation (6) 
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If there is only one plane, equation (8) reduces to equation (5).
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Manning resistance coefficient
For flows with turbulent or near turbulent flow regime, the Manning formula can be used to express the discharge-depth relationship as defined by equation (2). The parameters a and p become:
where S is the slope of the overland plane in the direction of flow, and n is the Manning resistance coefficient for the overland surface. Substituting equations (9) and (10) into equation (8) gives:
The units are m 3 nf 1 for DS eq , mm h" 1 for i, m m x for S, and m for L. In the application of equation (11), the flow should be turbulent or near turbulent, each plane should be of uniform slope and roughness, and of constant infiltration rate. The values of C and n may be selected from the recommended values of the American Society of Civil Engineers (1992) .
If there is only one plane, equation (11) reduces to:
In fact, based on the rainfall-runoff data, Izzard & Augustine (1943) also derived an equilibrium storage formula for a single plane. Table 1 shows a comparison of the exponents for i, S and L in equation (12) with those in the Izzard & Augustine's empirical formula. The comparison shows that they are close to each other; the differences may be attributed to experimental error. 
CONCLUSIONS
For a series of planes that are subject to uniform rainfall, based on the kinematic wave theory, a formula for the equilibrium detention storage has been derived (equation (8)). For practical applications, the formula is further developed in terms of the Manning resistance coefficient (equation (11)). The derived formulae are all consistent with the published formulae for a single plane.
